are available for determination of deuterium oxide in water by mass spectrometry.
In the method of Solomon et at. (1) , water and deuterium oxide are reduced with hot zinc, and the relative concentrations of deuterium and hydrogen are measured. A number of investigators have utilized this procedure in precise and extensive studies (2) (3) (4) (5) . Other indirect methods were mentioned by Washburn et at. (6) in a study in which direct determination of the 19:18 ratio was facilitated by establishing that spurious m/e 19 ion formation can be minimized with the use of a mass spectrometer of suitable design, and by a procedure in which unknown samples were compared with known ones having nearly the same deuterium oxide concentration.
These investigators (6) also mentioned that vapor from pure solutions of deuteriuni oxide in water could be used, but it is more conventional to use liquid samples introduced through a mercury orifice with a small capillary dipper.
The purpose of the present paper is to describe technics developed in this laboratory to determine excesses of deuterium oxide in urine or plasma by measuring the 19:18 ratio in vapor samples obtained from these fluids. Our procedure embodied principles established by previous investigators (6) , followed a pattern familiar in clinical laboratories, avoided the need for preparing water samples from urine or plasma, and minimized the unavoidable delay caused by the "memory effect.t* Although we used a Pyrex inlet system, we found (6) indicates that most of the beneficial effect of increasing it is realized at this point. The instrument was used in the isotope-ratio mode of operation, in which m/e 18 and m/e 19 ions are focused on adjacent targets.
The accelerating voltage required to maximize the ratio was constant in any individual series of determinations, since magnet position and other settings remained unchanged, but it varied from 493 to 500 v in different series. The ionizing current was 100 VAmp.
Since our research work involves more determinations of N'6 than of D20, we used Sprinson-Rittenberg tubes (7) for both determinations, although a less complicated tube would have sufficed in the case of D20. A Welch Model 1400 pump, capable of producing a vacuum of 0.1 of mercury, was used in the preliminary pump-down. An alcohol-dry ice mixture was employed for freezing samples and cooling the trap located between them and the pump.
STANDARDS
To obtain a standard designated as 1% v/v, we diluted 5 ml. of deuterium oxide* to 500 ml. with distilled water. Solutions designated as 0.1, 0.2, 0.4, and 0.8%, respectively, were prepared by diluting 10-, 20-, 40-, and 80-mi. amounts of the 1% standard to 100 ml. in Sprinson-Rittenberg tubeT7', which are then evacuated. Foaming of urine or plasma is prevented by freezing the sample before the initial pump-down and repeating the pump-down when the sample has thawed.
The sample tube containing distilled water is attached to the inlet system of the mass spectrometer.
Samples of water vapor are introduced and pumped out in the manner described below, until the 19:18 ratio is constant and minimal. A sample of water vapor of the size to be used (15.0 or 20.0 v. auxiliary amplifier output in our study) is left in the analyzer, after the ratio has been maximized by adjusting the accelerating voltage. A tube containing the standard or unknown solution is attached to the inlet system, and air is pumped out of the connecting tube. ; Sample 2 is admitted at 4 mm. The same routine is followed with Sample 3, which enters the analyzer at 7 mm. At 8 min., the ratio of Sample 3 is read, the beam turned off, and all stopcocks except 8-0 opened. After a pump-out of 1 or more mm., 8-i is closed, and the tube containing distified water attached.
Flushing of the system preparatory to triplicate analysis of the next sample is begun and continued until the 19:18 ratio is stable, though not necessarily minimal.
CALCULATION Increments
in ratio for Samples 1, 2, and 3 of an unknown are divided by the average increment per 0.1% D20 for the corresponding samples of standards, and the results multiplied by 0.1, to give D20 concentration in per cent v/v. Results for Samples 2 and 3 are usually excellent duplicates.
RESULTS

Considerable
attention was given to the degree of linearity between increment of ratio and D20 concentration, and to the relationship of this increment to sample size. Data on these points are given in Tables 1-3. In the experiment shown in Table 1 , successive samples of each standard were admitted until the maximal ratio for that standard was obtained; successive water vapor samples were then introduced until the 19:18 ratio was restored to its original value. Virtually perfect linearity between D2O concentration and increase in 19:18 ratio was observed, the increment in ratio doubling with each twofold increase in concentration.
It was, however, necessary to admit 8-10 samples to secure the maximal ratio for each standard, and to flush with 10-12 successive samples of water vapor after using the stronger standards.
Since this procedure, though very precise and independent of a time schedule, was too tedious, we tried one in which only a single sample was introduced, with accurate timing. The average increment in ratio continued to be a nearly linear function of D20 concentration (0.00144, 0.00288, and 0.00567, respectively, in 10 determinations each, on 0.1, 0.2, and 0.4% standards).
However, one or two determinations in each series of 10 deviated considerably from the average, indicating the need for at least duplicate analysis.
Since a preliminary value, in the case of unknowns, enables one to make correct dial settings in advance, the method of triplicate analysis described under Technic was adopted. Typical results are presented in Tables  2 and 3 .
Values in the last three columns of Table 2 are increments per 0.1% D20 for each sample of each standard.
The initial value obtained for water was subtracted from the ratio obtained for each sample and divided by the number of times that the standard exceeded 0.1% concentration.
If linearity and reproducibility had both been perfect, all figures in a given column would have been identical. 
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Variations were usually greatest in Sample 1 and caused the largest percentage error, since this increment was smallest. Aberrant values could, however, occur in any sample, as indicated by the value of 0.00177 in the last column of Table 2 .
The linear relationship between D20 concentration and increment in 19:18 ratio was largely independent of the initial value obtained for water so long as this value was stable. The data presented in this paper were obtained during a 2-yr. period in which cleaning of the vacuum system, replacement of an isatron or collector, and other maintenance activities familiar to mass spectrometrists intervened. In Table 2 , the initial value for water was 0.00208 for a 20-v. sample, instead of 0.00156 as in Table 1 . The data in Table 1 were obtained when sensitivity of the instrument was high; those in Table 2 , with the same isatron, some time before replacement of this part became necessary.
As sensitivity decreased, the sample pressure required for the 20-v. auxiliary amplifier output rose, and the 19:18 ratio obtained for water increased, in keeping with findings of previous investigators (6) . Repeller settings also were not maximal when the data in Tables 1 and 2 were obtained. High repeller settings reduce the effect of sample pressure (6).
In Table 2 , not only was the initial value for water high, but it increased slowly, because flushing was continued only until this value became sufficiently stable, not minimal. Considerable time was saved thereby, without sacrifice of accuracy, since several flushings may be required to reduce a ratio only 0.00003 above the minimal value.
Calibrations carried out with maximal repeller settings (15.5 v.) and 15.0-as well as 20.0-volt samples are presented in Table 3 . When these data were obtained, a new isatron had been installed, and the sensitivity of the instrument was good. Increments in ratio per 0.1% concentration were virtually independent of sample size, although the initial value for water was larger for 20-v. than 15-v. samples and varied in each series, depending upon the extent of flushing.
Since the relationship between D20 concentration and increment in 19:18 ratio is so nearly linear, the calibration can be adequately checked with 0.2% and 0.4% standards during each run. Adjusting the dose of D20 so as to avoid higher concentrations also greatly simplifies the problem of flushing it out.
Duplicate analyses of 12 plasmas and 12 urines are presented in Table 4 . Plasma samples were obtained from a dog that had ingested 50 ml. of D20 added to the daily ration; urines were collected in two such experiments, which provided a suitable range and an orderly progression of D20 concentrations. It is evident that agreement between values for Samples 2 and 3 of each plasma or urine is very good. In only one instance-the second to last urine-do the two values differ from their average by ± 1.65%; in all other instances, this difference is 0.0 to ±0.8 per cent.
The 19:18 ratio for plasma or urine samples from dogs or human subjects that had not received D20 was the same as for distilled water. If other volatile substances were present that altered this ratio, they were evidently removed during the two initial pump-downs that the technic includes. Recoveries of added D20 were as satisfactory as the agreement between duplicates in Table 4 . Since deuteriuin of dissolved D20 exchanges with hydrogen of atmospheric water vapor, we investigated this source of error. Standards containing 0.1, 0.2, and 0.4% of D20 were exposed to air for 6 hr., by placing 5-6 ml. quantities in 10-mi. beakers. The area exposed to air was about 3.8 sq. cm. Concentrations of D20 found in the exposed standards, expressed as percentages of those in unexposed ones, were 90, 93.2, and 95.4, respectively, for the three standards, in the first experiment; in the second, the values were 98.6, 96.8, and 96.6. Thus extensive exposure produces a considerable and variable error, the size of which probably depends upon humidity and circulation of the air in contact with the solution.
In the case of plasma samples, exposure is readily avoided. Experiments were carried out to determine how large the error owing to exchange of deuterium might be in the case of urine collected in a metabolism cage. Tjrines containing 0.2, 0.4, and 0.8% of D20 were prepared and stored in stoppered bottles kept in a refrigerator. At hourly intervals, from noon until 4 i.ii., 100-mi. portions were delivered against the floor screen of an empty metabolism cage. These Specimens were collected in a bottle containing toluene, placed under the spout of the drain pan. After standing under the cage overnight, the bottle was removed and the contents mixed. Analysis indicated no significant difference between the unexposed urines and those collected in the manner described.
It seems probable that the layer of toluene and stagnation of air in the urine bottle prevented significant loss of deuterium by exchange.
SUMMARY
A technic has been described for determining the excess of deuterium oxide in plasma or urine, by directly measuring 19:18 ratios in vapor from these fluids with a mass spectrometer of suitable design. Although the 19:18 ratio for water varied with sample size and other experimental conditions, the increment in ratio per unit concentration of added D20 remained quite uniform. A virtually linear relationship between the increment in ratio and the concentration of added D20 also facilitated checking the calibration. The time required for flushing out deuterium when a Pyrex inlet system was used could be minimized by carrying out both the calibrations and the analyses in triplicate, without intermediate flushing, but with adherence to a strict time schedule.
Results calculated from increments in ratio for the second and third samples of vapor rarely differed from their average value by more than ± 0.8 per cent.
